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(54) Antenna selection control circuitry 

(57) Antenna selection control apparatus is dis- 
closed for a diversity antenna system comprising at 
least two antennas. The received power strength is 
measured from a selected antenna and compared with 



a reference power level. The reference power level is 
adjusted depending upon the signal to noise ratio of re- 
ceived signals, and if the selected antenna falls below 
the adjusted threshold another antenna is selected. 
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Description 

The present invention relates to apparatus and a 
method for controlling the selection of an antenna for a 
receiver having at least two antennas. In particular, but s 
not exclusively, the present invention relates to antenna 
selection control circuitry in a communication system 
such as a radio telephone network. 

Existing communication systems suffer from a 
number of effects which act to degrade the quality of to 
communication between a transmitting unit and a re- 
ceiving unit within the communication system. In partic- 
ular, in a radio telephone network for example, which 
comprises a plurality of mobile stations or radio tele- 
phones communicating with a base station connected ts 
to other base stations in the radio telephone network, 
both the radio telephone and the base station are rela- 
tively close to ground level. Since the base station and 
radiotelephone are close to ground level obstacles such 
as buildings, walls, cars and people inhibit direct line of 20 
sight communication between them, especially in urban 
areas, Thus, they typically communicate between each 
other by reflected or diffracted radio wave signals. Due 
to the multiple reflections and diffractions the r.f. power 
received by a radio telephone or a base station is at a 2S 
much lower level than would be expected from the in- 
verse square law if direct line of sight communication 
was possible. Typically, the power loss is of the form d a 
where d is the distance between the transmitting and 
receiving stations and a lies between 3 and 4. This pow- 30 
er loss is known as path loss. 

The problem of path loss has been addressed in 
known radio telephone systems by the base stations 
monitoring the strength of signals received from various 
radio telephones communicating therewith (to form a re- 35 
ceived signal strength indicator RSSI signal),and from 
time to time issuing a request over the air for an individ- 
ual radio telephone to increase or decrease its transmit- 
ting power. The radio telephone responds by adjusting 
the gain of its transmitting amplifier which is typically un- 40 
der microprocessor control. Generally, the amplifier is 
operable at one of a plurality of predetermined output 
power levels which are selected automatically in re- 
sponse to the request from the base station for a change 
in the level of the output power. Typically, the power lev- 45 
els are defined in the radio telephone system specifica- 
tion. For each power level a nominal value is specified 
together with a permitted tolerance range. 

In addition to the normal fading there is another form 
of fading known as Rayleigh fading. This type of fading so 
is a short term fading and is characterised by rapid var- 
iations in the r.f. power level of a signal received by a 
radiotelephone or base station. It is causod by the mul- 
tiple signal paths arising from the reflections and diffrac- 
tions forming a quasi-stationary standing wave pattern ss 
with nulls at approximately half wavelength intervals of 
the signal frequency. As a user moves through their en- 
vironment, they move through the nulls. 



The effect of the periodic nulls in received signal 
power due to Rayleigh fading is that transmitted data 
may be lost thereby introducing errors into the transmis- 
sion. In order to ensure that there is sufficient integrity 
in the radiotelephone network redundant data has to be 
sent such as error-correcting codes. This results in a 
reduced information or data handling capacity for the 
network. Additionally, the multiple signal paths introduce 
time delays between signals incident at a particular ra- 
dio telephone which causes inter-symbol interference. 
This is a particular problem in communication systems 
having relatively high data rates e.g. where ^ rate ^ 
10 us 

The problems of Rayleigh fading have been ad- 
dressed by using a technique known as Slow Frequency 
Hopping (SFH) or Frequency Hopping. In this tech- 
nique, the carrier frequency of a particular communica- 
tion channel is discontinuously changed between dis- 
crete carrier frequencies of a set of defined carrier fre- 
quencies. Since the Rayleigh fading of signals at differ- 
ent frequencies is not the same, and becomes increas- 
ingly different as the difference between the frequencies 
increases, frequency hopping for a particular communi- 
cation channel substantially reduces the effects of 
Rayieigh fading for that communication channel effec- 
tively transforming errors due to Rayleigh fading into 
widely spread random errors. Another advantage is that 
co-channel interference from other cells is reduced. 

Such a technique is known from the GSM system 
for cellular radio telephony, where the sequence of data 
bursts making up a particular communication channel 
or Traffic Channel (TCH) are cyclically assigned to dif- 
ferent frequencies by the base station handling that 
communication channel. Additionally, a technique 
known as interleaving is employed in the GSM system. 
This involves jumbling up data to be transmitted such 
that normally adjacent groups of data are transmitted at 
different times, and de-interleaving the transmitted sig- 
nal at the receiver. 

In a system having relatively low data rates, e.g. < 
25k symbol/s, the periodic variation in the signal 
strength is the main problem. Such a system is typically 
referred to as suffering from non-frequency selective or 
"flat" multipath Rayleigh fading . The Japanese PDC 
system is such a system. It is known to utilize two or 
more antennas in a mobile terminal to reduce the effects 
of flat Rayleigh fading. This is commonly referred to as 
antenna diversity. Respective antennas are selected for 
use based on a comparison of various criteria indicative 
of the quality of signals received by the antennas. 

A number of methods for determining the criteria for 
selecting an antenna are known in the art. For example, 
European patent application number 0 318 665 de- 
scribes the selection of antennas based on a received 
signal strength indication (RSSI) signal in the context of ' 
a time division multiplexed radio network. In such a sys- 
tem, the antenna receiving the signal of greatest 
strength is selected. If the signal from the selected an- 
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tenna falls below a threshold then another antenna is 
selected. A further method of selecting antennas is dis- 
closed in European patent application number 0 454 
585, which describes a method of predicting which an- 
tenna will receive a signal having the greatest quality 
within a given time period. 

However, the known approaches to the problem of 
flat Rayleigh fading have their own drawbacks. For a 
threshold fixed at a given RSSI there is a finite proba- 
bility that the signal strength will dip below the RSSI 
threshold thereby causing selection of another antenna. 
Thus, irrespective of the quality of a signal there is a 
minimum achievable error rate for a system due to the 
selection of another antenna. This gives rise to a so 
called error floor. For high quality signals such as those 
having a large signal to noise ratio (SNR) where a large 
fade, i.e. one which drops below the fixed RSSI thresh- 
old, does not intolerably impair the signal quality, anoth- 
er antenna is selected needlessly which may operate at 
an error rate worse than the one previously selected. 
Additionally, needless selection of other antennas is un- 
desirable since there is a phase difference between sig- 
nals at different antennas which results in a phase mis- 
match of the signals giving rise to further errors. 

In a first aspect of the invention there is provided 
antenna selection control apparatus for a receiver hav- 
ing at least two antennas, comprising means for moni- 
toring a signal quality of a signal received from a select- 
ed one of at least two antennas, comparing means for 
comparing the signal quality of the received signal with 
a reference signal quality level, selection means for se- 
lecting another of the at least two antennas in accord- 
ance with the comparison, and means for monitoring a 
signal quality characteristic for received signals, where- 
in there is further provided reference signal quality level 
adjustment means for adjusting the reference signal 
quality level in accordance with said signal quality char- 
acteristic. 

In a second aspect of the invention there is provided 
a method for selecting an antenna for a receiver having 
at least two antennas, comprising comparing a signal 
indicative of received signal quality from a selected one 
of the at least two antennas with a reference signal qual- 
ity level, and selecting another of the at least two anten- 
nas in accordance with the comparison, characterised 
by adjusting the reference signal quality level in accord- 
ance with a further signal quality characteristic for re- 
ceived signals. 

An advantage of the present invention is that need- 
less or unnecessary switching between antennas is re- 
duced. This reduces the level at which an error rate floor 
occurs, and thus lowers the minimum achievable error 
rate of the receiver system. 

In a preferred embodiment of the invention, the ref- 
erence signal quality level is adjusted in correspond- 
ence to a probability of error in the received signal from 
the selected one of the at least two antennas, which acts 
tooptimize the signal quality reference level with respect 



to the signal quality characteristic substantially inde- 
pendent of fading effects. 

Preferably, the further signal quality characteristic 
is signal to noise ratio or carrier to interference ratio. 
5 Such a signal quality characteristic is typically measured 
by a receiver system and thus is easily available for use 
in the present invention. Additionally, the signal to noise 
ratio or carrier to interference ration is a more accurate 
measure of signal quality since the RSSI measurement 

10 accuracy is limited due to the wide dynamic range of . 
RSSI and the receiver amplifier accuracy. 

Suitably, the signal quality comprises signal 
strength which is the signal quality most affected by fad- 
ing effects, and is a good measure of such effects. 

is Furthermore, since the signal to noise ratio deter- 
mines the switching threshold, but is not actually the 
threshold it can be updated slowly and thus less 
processing is required than if switching were based on 
an instantaneous measurement of a signal quality char- 

20 acterislic. 

Typically, the signal quality reference level, is de- 
creased for an increase in further signal.quality charac- 
teristic and the signal quality reference level is increased 
for a decrease in further signal quality characteristic. 

25 When the further signal quality characteristic ex- 
ceeds a predetermined threshold selection of another 
antenna is disabled. 

Preferably the further signal quality characteristic is 
signal to noise ratio. 

30 Embodiments of the invention will now be de- 
scribed, by way of example only, and with reference to 
the accompanying drawings in which: 

Figure 1 shows a radio telephone suitable for use 
35 with the present invention; 

Figure 2 is a block diagram of the radio telephone 
shown in Figure 1 ; 

Figure 3 is a block diagram of a receiver and anten- 
na switching circuitry for use with the present inven- 

40 tion; 

Figure 4 shows a circuit diagram of an antenna di- 
versity switch control in accordance with a first em- 
bodiment of the present invention; and 
Figure 5 is a flow diagram for operating a radio tel- 

45 ephone in accordance with a second embodiment 
of the present invention. 

The portable radio telephone shown in Figure 1 is 
a cellular telephone 100 powered by a rechargeable bat r 

so tery pack. Thetelephone 100 includes a transceiver 102 
and all the other features conventionally found in a cel- 
lular telephone, as shown schematically in Figure 2. Al- 
so, since these aspects of the telephone are not directly 
relevant to the instant invention no further details will be 

55 given here, except to say that a single microprocessor 
104 (see Figure 2) is employed to control all the basic 
functions of the telephone 1 00 and to control the keypad 
and display functions. Alternatively, however, the tele- 
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phone functions may be controlled by a master micro- 
computer, while the keypad and display functions are 
under the control of a separate slave microcomputer 
coupled to communicate with the master microcomput- 
er, s 

The user-interface of telephone 100 comprises a 
display, e.g. a liquid crystal display 105, itself well- 
known in the art and a keypad 106 on the front of the 
telephone 100. The display is coupled to and regulated 
by the microprocessor 104 in the usual manner. The io 
keypad 106 essentially comprises two main sets of 
keys, namely alpha numeric keys 106a associated with 
alpha numeric data especially for dialling telephone 
numbers, but also (optionally) for entering alphanumeric 
data into the telephone memories, e.g. a subscriber is 
number index, and a set of function keys 106b for ena- 
bling various predetermined functions or operations. 

The keys 106a are arranged in four rows of three 
keys each. As is conventional for the numeric key layout 
of a telephone, the top row comprises keys for numbers 20 
1 , 2 and 3 respectively, the second row down for num- 
bers 4; 5 and 6 respectively, the next row down for num- 
bers 7, 8 and 9 respectively, and the bottom row for*, 0 
and # respectively. Some or all of these keys may also 
be associated with alphabet information, as again is 2s 
quite conventional. The alphabetic rather than numeric 
data is selected for example by preceding the alphanu- 
meric keystroke with another predetermined keystroke 
or set of keystrokes, specifically using the function keys. 
Hence the alphabetic data mode may be enabled for ex- 30 
ample by preceding the particular keystroke with previ- 
ously depressing a "MEMORY" or "STORE" key dis- 
posed among the function keys 106b. 

As is usual in cellular telephones, the keys 106b in- 
clude a "SEND" and "END" key for respectively initiating 35 
and terminating a telephone call. Another key, specifi- 
cally located in the top left-hand corner is an "ON/OFF 0 
key for turning the telephone on and off, i.e. by connect- 
ing and disconnecting the battery pack power supply. 
Another of the function keys may be a menu. or function 40 
key labelled, for example, "MENU" or "FUNCTION" or 
with a suitable abbreviation thereof. Depression of this 
key enables a variety of pre-set menus, the related in- 
structions of which are stored in memory, to be viewed 
and selectively enabled. The various menus are select- 45 
ed by depressing the appropriate alphanumeric keys af- 
ter depressing the "MENU" or "FUNCTION" key. The rel- 
evant menu is shown to the user in words or abbrevia- 
tions on the display panel 105. For example, the user 
may be able to select the ringing tone by appropriate so 
menu selection. More sophisticated options may also be 
available via the menu facility. For example, the user 
may be able to enable the so-called Discontinuous 
Transmission mode which employs a voice activated 
switch which helps to reduce battery drain by transmit- ss 
ting only when speech is input to the microphone. 

The telephone 100 also includes a power ON/OFF 
button 108, an external antenna 110, (typically a retract- 



able antenna) and an internal antenna 112 which is typ- 
ically a helical or coil antenna. 

Transceiver 102 includes a receiver 302. shown 
schematically in Figure 3 and in the embodiment de- 
scribed herein suitable for receiving phase modulated 
signals. 

The receiver 302 includes a demodulator 304 which 
demodulates received signals and outputs the demod- 
ulated signal to other telephone functions such as the 
audio circuitry. The receiver 302 comprises a low noise 
amplifier (LNA) 306 for receiving signals input to the re- 
ceiver 302. The output of the LNA 306 is input to an In- 
termediate Frequency (IF) mixer 308, which also has a 
local oscillator 310 (LO) input. An intermediate frequen- 
cy is output from the IF mixer 303 to an IF amplifier 31 2. 
The output from the IF amplifier 312 is input to an IF 
filter, and the filtered signal is input to a variable amplifier 
316. The output of the amplifier 316 is sampled in an 
analogue to digital converter 318. The digital signal is 
input to demodulator 304 where it is digitally filtered in 
filter 320 and decoded in differential decoder 322. The 
output of the decoder 322 is then sent to other telephone 
circuitry such as the audio circuitry for reproduction as 
speech. 

The receiver 302 also comprises a received signal 
strength indicator (RSSI) filter 324. The RSSI filter 324 
has as an input the digitised received signal output from 
A/D converter 318. The RSSI filter 324 produces signals 
which are indicative of the strength of a signal received 
by the receiver 302. The RSSI filter 324 produces two 
signals, instantaneous RSSI 326 and average RSSI 
328, which are input to diversity switch control logic 330. 
The average RSSI 328 may comprise contributions from 
signals received by the receiver 302 via either of anten- 
nas 110, 112. 

The receiver 302 also includes phase error meas- 
urement circuitry 332, which inspects the phase infor- 
mation from the decoded signal to determine the error 
level in that signal. The phase error measurement result 
is then fed to a long term signal to noise ratio measuring 
circuit 334, which produces a signal indicative of the av- 
erage signal to noise ratio for the received signal. A sig- 
nal indicative of the average signal to noise ratio is input 
to the diversity switch control circuitry 330. The present 
invention is not limited to the use of the signal to noise 
ratio as a measure of signal quality, but includes meas- 
ures such as carrierto interference ratio, intersymbol in- 
terference, adjacent channel interference and co-chan- 
nel interference for example, which relate to an -error 
rate probability. 

The receiver 302 is coupled to the antennas 110, 
112, often known as diversity antennas, via an antenna 
diversity switch 336, which is controlled by the diversity 
switch control circuitry 330 to select one or other of an- 
tennas 110, 112 from which to receive a signal. 

Referring to Figure 4 there is shown an embodiment 
of diversity switch control circuitry 330 in accordance 
with the present invention. The switch control circuitry 
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330 comprises three log. amplifiers, 402, 404 and 406. 
The first log. amp. 402 has as its negative input 408 a 
signal indicative of the average RSSI, and outputs 410 
a voltage V, indicative of log. RSSI av . Log. amp 404 has 
as its negative input 412 a signal indicative of the mini- 
mum acceptable signal to noise ratio (SNR) for the sys- 
tem. The output 414 V 2 is proportional to log. min SNR. 
A signal indicative of the average signal to noise ratio is 
input 416 to log. amp. 406 which outputs 418 a signal 
indicative of log. SNR ave . Output 418 is input to inverter 
420, to produce an inverted output V 3 . Respective volt- 
ages V v V 2 and V 3 are coupled via resisters R A to the 
negative input 424 of op-amp 422 to form an adder. The 
output 426 forms the threshold level. The threshold level 
is input to the negative input 430 of comparator 428. The 
positive input 432 for 428 is coupled to the inverted out- 
put of log. amp. 434 which log. amplifies the instantane- 
ous RSSI level (RSSI inst ). The output signal of compa- 
rator 423 is coupled to the antenna diversity switch to 
cause switching of the antenna when the instantaneous 
RSSI crosses the threshold level. 

Optionally, in another embodiment, the diversity 
switch control circuitry 330 may be disposed in a digital 
signal processor (DSP) or microcomputer 104 typically 
provided in the radio telephone 100 and conditioned to 
operate in accordance with the flow chart shown in Fig- 
ure 5, thereby providing means for comparing the signal 
quality of the received signal with a reference level, and 
adjusitng the reference level in accordance with a re- 
ceived signal quality characteristic. 

At step 502 the average signal to noise ratio, or oth- 
er suitable signal quality measure, of signals received 
by the receiver is measured. The average signal to noise 
ratio is the average signal to noise ratio from both an- 
tennas, since typically both antennas will have been op- 
erable within the time constant of the averaging circuitry. 
Then the average RSSI is determined at step 504. The 
antenna switch threshold is then determined as a func- 
tion of the average RSSI and average signal to noise 
ratio at step 506. The antenna switch threshold is deter- 
mined in accordance with the following equation, 
%l%%VeS%%j x ( mjn acce P table SNR), where the mini- 
mum acceptable signal to noise ration (SNR) is in the 
range from about 2dB to 7dB for a Differential Quater- 
nary Phase Shift Keyed (DQPSK) modulation system 
as used for example in the Japanese PDC radio tele- 
phone system: It will be evident to a skilled person that 
the minimum acceptable SNR can very depending upon 
the modulation scheme used in the telephone system, 
and can be determined by analysis or empirical inspec- 
tion. 

The instantaneous RSSI from the currently operat- 
ing antenna is then measured at step 508. The instan- 
taneous RSSI is compared with the antenna switch 
threshold at step 510, and if it is less than the threshold 
the other antenna is selected at step 51 2. The flow chart 
then returns to step 502. If at step 510 it is found that 
the instantaneous RSSI is equal to or not less than the 



antenna switching threshold the flow chart returns to 
step 502. In this manner, antenna switching only occurs 
when it is necessary. If the signal to noise ratio is suffi- 
ciently high such that deep fades in instantaneous RSSI 

5 can be tolerated the antenna switching threshold is set 
such that the instantaneous RSSI has to fall lower than 
it would if the signal to noise ratio were lower, before 
antenna switching occurs. 

It will be evident to a person skilled in the art that 

io various modifications falling within the scope of the ap- 
pended claims may be made to the described embodi- 
ment. For example, the signal quality measure which is 
used to modify the antenna switching threshold need not 
be the signal to noise ratio of the received signal, but 

is some other measure of signal quality such as carrier to 
interferer ratio, co-channel or adjacent channel interfer- 
ence and intersymbol interference for example, or com- 
binations thereof. Additionally, although the embodi- 
ment in accordance with the invention has been de- 

20 scribed wilh reference to a receiver for phase modulated 
signals, other forms of modulation may also be used 
with the present invention. 

In the described embodiment, the antenna diversity 
switch is disposed before the receiver section of the tel- 

2S ephone, thereby requiring only one receiver section. 
Optionally, two separate receiver paths may be provid- 
ed, one for each antenna. In such an embodiment the 
antenna diversity switch can be placed after the receiv- 
ers and before the audio circuitry. The diversity switch 

30 control then can have separate instantaneous and av- 
erage RSSIs inputs from both receivers, as well as sep- 
arate signals indicative of signal quality. The present in- 
vention can be applied to such an embodiment to reduce 
needless switching between antennas and. respective 

35 receivers. 

The scope of the present disclosure includes any 
novel feature or combination of features disclosed 
- therein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 

40 claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be formulated to 
such features during prosecution of this application or 
of any such further application derived therefrom. 

45 

Claims 

1. Antenna selection control apparatus for a receiver 
50 having at least two antennas, comprising 

means for monitoring a signal quality of a signal 
received from a selected one of at least two an- 
tennas, 

55 comparing means for comparing the signal 

quality of the received signal with a reference 
signal quality level, 

selection means for selecting another of the at 
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least two antennas in accordance with the com- 
parison, and 

means for monitoring a signal quality charac- 
teristic for received signals, wherein there is 
further provided 5 
reference signal quality level adjustment 
means for adjusting the reference signal quality 
level in accordance with said signal quality 
characteristic. 



2. Antenna selection control apparatus according to 
claim 1 , wherein adjustment of the reference signal 
quality level is associated with a probability of error 
in the received signal from the selected one of the 
at least two antennas. 

3. Antenna selection control apparatus according to 
claim 1 or claim 2, wherein the signal quality com- 
prises signal strength. 

4. Antenna selection control apparatus according to 
any preceding claim, wherein the signal quality ref- 
erence level adjustment means decreases a likeli- 
hood of selecting the other of the at least two an- 
tennas for an increase in signal quality characteris- 
tic. 

5. Antenna selection control apparatus according to 
any preceding claim, wherein the means for deter- 
mining a further signal quality characteristic meas- 
ures signal to noise ratio. 

6. Antenna selection control apparatus according to 
claim 5, wherein the selection means is disabled 
when the signal to noise ratio exceeds a predeter- 
mined threshold. 

7. Antenna selection control apparatus, according to 
claim 5 or claim 6, wherein the reference signal 
quality level is determined in accordance with the 
following equation 



having at least two antennas, comprising 

the step of comparing a signal indicative of re- 
ceived signal quality from a selected one of the 
at least two antennas with a reference signal 
quality level, and 

the step of selecting another of the at least two 
antennas in accordance with the comparison, 
characterised by the step of adjusting the ref- 
erence signal quality level in accordance with 
a further signal quality characteristic for re- 
ceived signals. 

10. A method according to claim 9, wherein the refer- 
ence signal quality level is adjusted in correspond- 
ence to a probability of error in the received signal 

. from the selected one of the at least two antennas. 

11. A method according to claim 9 or claim 10, wherein 
the signal quality comprises signal strength. 

12. A method according to any of claims 9 to 1 1 . where- 
in the signal quality reference level is decreased for 
an increase in signal quality characteristic. 

25 

1 3. A method according to any of claims 9 to 1 2, where- 
in the signal quality reference level is increased for 
a decrease in signal quality characteristic. 

30 14. A method according to any of claims 9 to 13, where- 
in the selection of another of the at least two anten- 
nas is disabled when the signal quality characteris- 
tic exceeds a predetermined threshold. 

35 15. A method according to any of claims 9 to 14, where- 
in the further signal quality characteristic is signal 
to noise ratio. 

16. A program storage device readable by a machine 
40 and encoding a program of instructions for execut- 
ing the method steps of any one of claims 9 through 
15. 

17. Electronic apparatus comprising a computer usea- 
ble medium having a computer readable pro- 
gramme code means embodied therein for causing 
controlling selection from at least two antennas, the 
computer readable programme code means com- 
prising j - 

computer readable code means for monitoring 
a signal quality of a signal received from a se- 
lected one of at least two antennas, 
means for comparing the signal quality of the 
received signal with a reference signal quality 
level. 

means for selecting another of the at least two 
antennas in accordance with the comparison. 



aver age RSSI * . „ K .- 
~ average SNR SNR, 
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where ref. is the reference signal quality level, av- 
erage RSSI is the average RSSI for received sig- 
nals, average SNR is the average signal to noise 
ratio for received signals andmin SNR is a minimum 
signal to noise ratio suitable for the type of signals so 
received from the antennas. 

8. Antenna selection control apparatus according to 
claims 1 to 4, wherein the means for measuring a 
further signal quality characteristic measures carri- ss 
er to interference ratio. 

9. A method for selecting an antenna for a receiver 
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and 

means for monitoring a signal quality charac- 
teristic for received signals, wherein there is 
further provided 

means for adjusting the reference signal quality s 
level in accordance with said signal quality 
characteristic. 
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